Background
The maintenance of the core or upper body control, is essential for maintaining posture and stability while changing positions, performing activities of daily living (ADL), and ambulating [1, 2] . Patients who are undergoing physical rehabilitation following stroke, tend to deviate towards the affected side, as a result of postural instability, which induces both asymmetrical trunk movement and trunk muscle weakness. Upper body instability makes it difficult to maintain postural control when performing tasks and leads to functional disability [3] . The lack of postural stability also affects the balance of patients following stroke, increasing the risk of falls, and negatively impacting on patient independence and safety. For example, it has been reported that up to 73% of patients with stroke experience a fall within six months after leaving hospital [4] . Falls following a stroke can have severe consequences, including hip fractures and reduced physical activity due to fear of repeat falls [5] . Therefore, because these factors can have a negative impact on patient rehabilitation following stroke, the improvement of postural stability is an important goal of patient rehabilitation following stroke [6] .
Sports that involve paddling with a single oar, such as canoeing and kayaking, are effective outdoor activities that improve postural stability and upper body stabilization [7] . Continuous body adjustment and compensation are required during the single-oar paddling motion to maintain balance during perturbations caused by the movement of the canoe or kayak and the paddle in the water [8] . Currently, canoe paddling training can be conducted using an ergometer to provide a training opportunity that is independent of outdoor conditions and to better control training progression [9] . A paddling ergometer has also been studied for rehabilitation training of patients with paraplegia and has been shown to be effective in improving postural control, balance, motor performance, and upper extremity strength [8, 9] .
Game-based virtual reality (VR) using gaming consoles is now used as a therapeutic approach for the rehabilitation of patients with stroke and provides an opportunity for patients to perform activities that are difficult in a clinical setting. Furthermore, VR programs are often designed to be more entertaining and enjoyable than traditional physical therapy tasks, thereby encouraging patients to participate in the rehabilitation program.
The use of VR equipment specifically designed for physical rehabilitation is not yet commonly available in clinical settings. Therefore, VR rehabilitation programs using a gamebased, motion-controlled console that can be used in clinical settings and at low cost that can utilize a variety of gaming software are needed.
The aim of this preliminary randomized controlled study was to investigate the effects of game-based VR canoe paddling training, when combined with conventional physical rehabilitation programs, on postural balance and upper extremity function in 30 patients with subacute stroke.
Material and Methods

Patients studied
Initially, 31 study participants were recruited from an inpatient rehabilitation center in the Sahmyook University Hospital, Gyeonggi Province, South Korea. Participants were selected if they met the following criteria: subacute stroke within the prior six months; a Mini-Mental State Examination (MMSE) score ³21; moderate (7) (8) (9) (10) (11) to good (12-16) scores on the trunk impairment scale (TIS) [10] ; and the ability to to stand independently for at least 3 minutes without an assistive device.
The exclusion criteria for this study included a history of a psychiatric disorder, dementia, apraxia or hemi-neglect, epilepsy, the presence of a pacemaker, severe pain in the hemiplegic shoulder, ataxia, or any other cerebellar symptoms. Individuals who began the study, but participated in less than 80% of the intervention activities, were also excluded from the study.
All the participants in this study signed informed consents after receiving a detailed explanation of the study objectives and requirements. The study was approved by the Institutional Review Board (IRB) of Sahmyook University, Gyeonggi Province, South Korea.
Study design
This study was an assessor-blinded, randomized controlled study. To determine the sample size, the G*Power 3.19 statistical power analysis software program was used. The alpha level and the power were set as 0.05 and 0.8, respectively. According to a prior pilot test, the effective size was set at 0.94, and at least 15 subjects were required in each group. A total of 31 participants were initially enrolled in the trial and randomly assigned to the experimental group (n=16) or the control group (n=15) after undergoing a preliminary test. The randomization process was performed using Random Allocation software for parallel group randomized studies [11] .
Both the experimental and control groups received a conventional rehabilitation program consisting of physical therapy and occupational therapy. All participants underwent physical therapy aimed at improving balance and lower limb strength to facilitate walking; occupational therapy was used to improve the performance of activities of daily living (ADL type of therapy was performed for 30 minutes per session, twice daily, five days each week, for five weeks. The patients in the experimental group performed the game-based virtual reality (VR) canoe paddling training for 30 minutes per day, three days per week, for five weeks. The post-test evaluation was performed one day after the five-week intervention period. All assessment data were collected by two physical therapists, who were blinded to the treatment allocations ( Figure 1 ).
The canoe paddling game used for the VR training program in this study was the Nintendo Wii Sports Resort game (Nintendo ® , Kyoto, Japan). To simulate the swaying from side to side that occurs in an actual canoe; the canoe-like apparatus was created by fixing a chair to a springboard (W: 45 cm×D: 150 cm×H: 20 cm) (Pedalo ® Springboard, Germany). While seated on the springboard, the study participants performed a paddling movement with both hands grasping the motion controller that was inserted in a separate canoe paddle accessory (Nintendo ® , Kyoto, Japan). Grip-assist gloves were provided for patients who found it difficult to grasp the motion controller.
The study participants operated the paddle in the direction of the virtual character displayed on an LED TV 42LN549C screen (LG Electronics, Korea) during the intervention sessions. Also, study participants were instructed to focus on trunk control to maintain their balance on top of the springboard, while canoe paddling. For safety reasons, the patients wore a safety belt on their waist during the training. The intervention consisted of three sessions. The first session was carried out in a 'free practice' mode for 5 minutes to allow patients to warm up and familiarize themselves with the program. The second session was performed in a 'timed run' mode in which each patient established a personal record of paddling distance during 15 minutes. The third session was performed in a 'competition mode.' during which the patient was motivated to improve their performance by competing with a caregiver or therapist for 10 minutes. Improvements in the personal records for paddling distance during the timed run mode were used as indicators of achievement by comparison with previous results ( Figure 2 ).
Outcome measurements
The modified functional reach test (mFRT) and postural sway test were used to assess the postural balance of the study participants. The mFRT assesses trunk stability in the forward and lateral direction by measuring the maximal distance an individual can reach forward beyond arm's length at shoulder height while maintaining a fixed base of support in the sitting position. The distance was measured as the difference between the position of the acromion process of the scapula at the start and end of the action. The mFRT was repeated three times, and the average value was calculated. Previously published data have shown that the inter-observer reliability of the mFRT was good (r=0.97) [12] .
To assess postural sway for each study participant, the Wii Balance Board (WBB) (Nintendo ® , Kyoto, Japan) was used in a system that included the WBB, a laptop equipped with Bluetooth technology, and Balancia version 2.0 software (Minto Systems, Seoul, Korea) for signal acquisition. Balancia software was developed using C++ in LabVIEW, and data were exchanged between the laptop computer and the WBB using the built-in Bluetooth and Balancia software [13] . The system tracked the movement of the center of pressure (CoP) and calculated the path length (PL) and sway velocity (SV). The data were sampled at a frequency of 50 Hz and were filtered using a fourth-order active low-pass Butterworth filter with a cut-off frequency of 12 Hz. Study participants stood barefoot comfortably on the board, first with their eyes open, and then again with their eyes closed. The participants attempted to remain as still as possible for 30 seconds, and the average of three consecutive measurements was calculated. A 30-second break period was provided when changing between standing with the eyes open and the eyes closed.
The manual function test (MFT) was used to assess the upper extremity motor function in the study participants. The MFT consisted of four shoulder assessment items and four hand assessment items. Flexion, extension, abduction, and adduction were assessed for shoulder functions, and the ability to grasp, pick up, and pinch were assessed for hand functions. The total MFT score ranged from 0 (severely impaired) to 32 (full function). Previously published data have shown that the MFT on the affected side had a test-retest reliability of r=0.99 and an inter-observer reliability of r=0.99 [14] .
Statistical analysis
Statistical analysis was performed using SPSS version 19.0 software (IBM, Chicago, IL, USA). The Shapiro-Wilk test was used to confirm the normal distribution of all outcome variables. The paired t-test was used to compare dependent variables within groups; independent t-test and Chi-squared test were used to compare dependent variables between the two groups. Statistical significance was <0.05 for p-values.
Results
One of the 16 study participants in the experimental group was excluded from the analysis because of a participation rate less of 80%. There were then 30 study participants in total, with 15 participants in each group, who completed the five weeks of intervention therapy and the associated assessments. There were no significant differences in the general characteristics between the two groups (Table 1) , or dependent variables between the two groups (Tables 2, 3 ).
Outcome measures of postural balance data for the experimental and control groups are shown in Table 2 . The modified functional reach test (mFRT) for all directions showed significant improvement in both groups when compared with baseline values (p<0.05). However, the experimental group showed significantly more improvement than the control group (p<0.05). The center of pressure (CoP), path length (PL), and sway velocity (SV) associated with postural sway were significantly decreased in both the eye open and eyes closed condition when compared with baseline values in the experimental group (p<0.05). In the control group, only the SV when the participant's eyes were open was significantly decreased compared with the baseline values (p<0.05); the experimental group showed a significantly greater reduction in the SV compared with the control group (p<0.05).
The changes in upper body extremity function, upper limb, and hand item scores of the manual function test (MFT) were significantly improved in both groups compared with baseline values (p<0.05). However, the experimental group showed significantly more improvement compared with control group (p<0.05) ( Table 3) . MFT -manual function test. * Mean ± standard deviation.
Discussion
The aim of this preliminary randomized controlled study was to investigate the effects of game-based virtual reality (VR) canoe paddling training, when combined with conventional physical rehabilitation programs, on postural balance and upper extremity function in 30 patients with subacute stroke. The findings were that after five weeks, the experimental group who underwent additional VR training showed significantly greater improvement in trunk stability on the affected side and the unaffected side, postural sway, and upper extremity function.
The modified functional reach test (mFRT) results in the experimental group showed an average improvement of 19.32% in the forward direction, 33.43% in the direction of the unaffected side, and 41.01% in the direction of the affected side, relative to baseline measurements. These values were, respectively, 2.34%, 4.77%, and 7.19% greater than those in the control group. In this study, the mFRT results showed a greater improvement in measurements along the direction of the unaffected side and the affected side compared with the forward direction. Balance control, when moving forward and backward in the sitting position, can be assisted by the lower limbs, whereas balance control when moving medially and laterally depends only on trunk control [15] . Unlike previous VR balance training [16] [17] [18] [19] [20] , the participants in this study focused on the use of their trunk muscles to maintain postural balance, while paddling on top of a swinging springboard. The effort to maintain postural balance seems to have contributed to increased postural stability through an interactive process during VR canoe paddling training.
Several previously published studies have reported improved balance and gait in patients following stroke with the use of the Wii Balance Board (WBB) while standing [16] [17] [18] [19] [20] . However, dynamic balance training involving weight transfer and visual feedback did not result in a significant improvement in standing postural sway in patients with stroke. In 2012, Cho et al. [17] showed that a VR balance training program that used WBB improved the dynamic balance when assessed by the Berg balance scale and the 'timed up and go' (TUG) test, but there was no effect on postural sway. According to these previous findings, the postural control skill learned through the dynamic balance training was not effective in maintaining the static balance [17] . However, Cuthbert et al. [22] reported that balance training that facilitates only one body position, such as weight shifting in the standing position, did not improve dynamic balance as much as static balance. Based on the findings of Cuthbert et al. [22] , using the WBB as an additional method to informally assess or treat dynamic balance would not be as strongly recommended as it would be for improving static balance. Yu et al. [23] showed that when patients with stroke maintain a standing posture, movements are minimized and less effort is required maintain their center of gravity. These results indicated that the simultaneous improvements in both static and dynamic balance depended on particular training methods and suggested the need for interventions that could influence both static and dynamic balance [23] . Whether or not dynamic balance training is effective in improving static postural stability remains unresolved.
Unlike previous studies, this present study emphasized trunk control through game-based VR canoe paddling training in the sitting position. As a result, the experimental group showed a significantly greater improvement in postural sway when compared with the control group. Therefore, the findings of this study indicated that enhancing the ability to maintain postural control can improve not only postural stability but also postural sway, in patients with subacute stroke. Game-based VR paddling training in patients with subacute stroke showed a positive effect on upper extremity function.
In this study, the manual function test (MFT) was used to assess the changes in upper extremity function. The post-intervention MFT scores in the experimental group showed improvement of 27.65% compared with baseline values, which was 10.96% greater than the improvement observed in the control group. It is interesting that the variation in the upper limb item scores of the MFT was significantly greater (13.38%) in the experimental group when compared with the control group. The core muscles, which control the trunk, play an important role in trunk stability by connecting the lower limbs to the upper limbs [24] . The enhanced trunk stability acquired during the paddling exercises appeared to have influenced the improvement in the movement of the upper extremity. Also, it seems that the effort to use the proximal part of the upper extremity strongly contributed to increased upper extremity function during the paddling. In a previously published study by da Silva Cameirao et al. [25] they showed that game-based VR rehabilitation was effective in improving the upper extremity function and resulted in more rapid functional recovery when compared with a control group when applied during the early stages of stroke. Furthermore, Michaelsen et al. [26] reported that trunk restraint training for upper extremity function was not beneficial in mildly impaired patients with stroke.
In this study, the participants were patients with subacute stroke, which occurred <6 months previously, and with moderately severe MFT scores (range, 6-11). During the intervention process, there were some complaints from the study participants regarding shoulder pain due to increase in the use of the upper extremity, since the use of hemiparetic side was difficult. However, as the study participants adapted to the intervention and concentrated in the VR training, there was a reduction in pain and improvements in the participation of the hemiparetic upper limb. During the canoe paddling training, the trunk stability and stability of the proximal part of the upper extremity could be improved, which may have affected the progressive reduction in discomfort.
Standard rehabilitation for patients who have experienced stroke has the properties of being repetitive and task-oriented, leaving the patients, in many cases, with low levels of participation and motivations for training activities. As a countermeasure for this phenomenon, interventions that facilitate VR may become increasingly used and may be a method to increase patient motivation, participation, and compliance by patients. An immediate response regarding patient performance using visual feedback is provided to the patients, which allows more active participation and makes the experience more rewarding and entertaining. Although previously published VR-related studies report the use of VR gaming, there is also a study that has shown that the attention of the participants can be limited when trained with VR in an environment that is not reality-based [27] . Paddling training used in the intervention method of this study provided not only the physical simulation of actual canoeing but was also able to induce coordinated movements by controlling the trunk and upper limb simultaneously, while in the sitting position. The VR paddling gaming training was composed of a free practice mode, a timed run mode, and a competition mode, which motivated the participants to be more familiar with the program and to participate more actively. As a result, the experimental group, who participated in VR paddling training, had increased improvements in postural balance and upper extremity function when compared with the control group.
This study is the first to demonstrate improvement in postural balance and upper limb movement, while in a sitting position, resulting from the use of a motion-controlled VR video gaming to simulate an actual environment. However, the study had several limitations. First, we did not control the intensity of the conventional rehabilitation training that was provided to both groups. The physical therapy that patients underwent to improve balance and lower limb strength for improving gait may have affected the lower limb strength of the participants. Second, the control group did not receive placebo therapy for comparison with the experimental group. However, it has been previously suggested that placebo physical therapy is impossible to deliver [28] . Further studies that include a comparison of task-oriented training with VR training are therefore required. Third, we did not evaluate the long-term effects of VR training, and there remains a need for further studies that include long-term follow-up assessment. Finally, although the study design included the blinding of patient treatment allocation to the assessor, there remains a possibility that the assessor was aware of the patient groups. Therefore, to improve the understanding of the effects of VR training programs in patients with stroke, further studies that use more stringent controlled methods are required.
Conclusions
This preliminary randomized controlled clinical study is the first to assess the effects of game-based virtual reality (VR) canoe paddling training on postural balance and upper extremity function in patients with subacute stroke. The findings of this study indicate that the addition of game-based VR paddling training to standard post-stroke rehabilitation programs may be more effective than conventional rehabilitation alone for improving postural balance and upper extremity function. Game-based VR training, when offered in more realistic clinical circumstances, may result in meaningful therapeutic effects in patients with stroke.
